SPECIFICATION 
TITLE OF THE INVENTION 
DIGITAL CAMERA AND METHOD OF CONTROLLING OPERATION OF 
SAME 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to a digital camera 
{inclusive of a digital still camera, a digital movie 
camera and a personal digital assistant having a camera 
function) having an imaging device for sensing the image 
of a subject using a solid-state image sensor and 
outputting image data representing the image of the 
subject, and an imaging lens for forming the image of 
the subject on the photoreceptive surface of the solid- 
state image sensor, and to a method of controlling the 
operation of the digital camera. 
Description of t he Related Art 

A digital still camera obtains image data 
representing the image of a subject by sensing the image 
of the subject using a CCD and records the image data on 
a recording medium such as a memory card. If dust or 
the like attaches itself to the photoreceptive surface 
of the CCD, the image of the dust appears on the image 
sensed. Though there are instances where an optical 
low-pass filter is provided in front of the CCD, the 
image of any dust that has attached itself to the low- 
pass filter will appear on the image obtained by 
sensing. 



Dust or the like on the photoreceptive surface of a 
CCD or dust on an optical low-pass filter cannot be 
removed from outside the digital still camera. When the 
sensed image is printed, therefore, the image of the 
dust also shows up in the print. 

DISCLOSURE OF THE INVENTION 

Accordingly, an object of the present invention is 
to eliminate the image of dust or the like from an image 
obtained by image sensing. 

According to the present invention, the foregoing 
object is attained by providing a digital camera having 
an imaging device for sensing the image of a subject 
using a solid-state image sensor and outputting image 
data representing the image of the subject, and an 
imaging lens for forming the image of the subject on a 
photoreceptive surface of the solid-state image sensor, 
comprising: a dust position detector operative in a 
dust detection mode for detecting the position of dust 
on an image, which is represented by image data output 
from the imaging device, on the basis of image data 
output from the imaging device; a storage device for 
storing the dust position detected by the dust position 
detector; and a correction unit operative in an image 
sensing mode for correcting for the image of the dust, 
at the position stored in the storage device, in the 
image of the subject represented by the image data 
output from the imaging device. 

The present invention provides also an operation 



control method suited to the camera described above. 
Specifically, the invention provides a method of 
controlling operation of a digital camera having an 
imaging device for sensing the image of a subject using 
a solid-state image sensor and outputting image data 
representing the image of the subject, and an imaging 
lens for forming the image of the subject on a 
photoreceptive surface of the solid-state image sensor, 
the method comprising the steps of: detecting, in a 
dust detection mode, the position of dust on an image, 
which is represented by image data output from the 
imaging device, on the basis of image data output from 
the imaging device; storing the detected dust position; 
and correcting, in an image sensing mode, the image of 
the dust at the stored position in the image of the 
subject represented by the image data output from the 
imaging device. 

In accordance with the present invention, the 
position of dust (inclusive of scratches and 
contaminants) on an image obtained by image sensing is 
detected in a dust detection mode and the detected 
position of the dust is stored. 

When image data representing the image of a subject 
is obtained by sensing the image of the subject in an 
image sensing mode, the stored position of the dust is 
read out and the image at the stored position of the 
dust is judged to be that of dust. The image of the 
dust is corrected (as by elimination, color correction 



or interpolation based upon the surrounding pixels, 
etc.) in the image of the subject obtained by image 
sensing. Since the image of the dust is removed from 
the corrected image, it is possible to obtain a clean, 
attractive image of the subject. 

In a case where the imaging lens is detachable from 
the digital camera, the storage device would store the 
dust position, which has been detected by the dust 
position detector, in association with the magnification 
of the imaging lens. Further, in the image sensing 
mode, the correction unit would correct for the image of 
dust at the position conforming to the magnification of 
the imaging lens that has been mounted. 

Thus, the image of dust can be removed from the 
image of the subject even when one imaging lens is 
exchanged for another. 

When a diaphragm has been provided in front the 
solid-state image sensor, the storage device would store 
the dust position, which has been detected by the dust 
position detector, in association with a combination of 
the f-stop number of the diaphragm and the magnification 
of the imaging lens. Further, in the image sensing 
mode, the correction unit would correct for the image of 
the dust at the position conforming to the combination 
of the f-stop number and magnification of the imaging 
lens. 

There are instances where the position of a dust 
image changes depending upon the f-stop number. The 



above arrangement makes it possible to eliminate the 
image of the dust even when the f-stop number changes . 

Other features and advantages of the present 
invention will be apparent from the following 
5 description taken in conjunction with the accompanying 
drawings, in which like reference characters designate 
the same or similar parts throughout the figures 
thereof . 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 Fig. 1 is a diagram showing the structure of an 

p imaging section; 

fij Fig. 2 is a block diagram illustrating the 

J electrical construction of a digital still camera 

rj according to the present invention; 

f r 15 Fig. 3 is a flowchart illustrating processing 

m 

Ljl executed by the digital still camera according to the 

^ present invention; and 

H= Fig. 4 is a table stored in a memory that stores 

dust address data according to the present invention. 
20 DESCRIPTION OF THE PREFERRED EMBODIMENT 

A preferred embodiment of the present invention 
will now be described with reference to the drawings. 

Fig. 1 is a diagram showing the structure of an 
imaging section in a digital still camera according to a 
25 preferred embodiment of the present invention. 

A light image representing the image of a subject 
is formed on the photoreceptive surface of a CCD 4 by an 
imaging lens 1. A diaphragm 2 and an optical low-pass 



filter 3 are provided between the imaging lens 1 and the 
CCD 4. The amount of light representing the image of 
the subject that impinges upon the CCD 4 is limited by 
the diaphragm 2. Noise included in the incident light 
representing the image of the subject is removed by the 
optical low-pass filter 3. Hence the CCD 4 outputs a 
video signal representing the image of the subject. 

There are occasions where dust 20 attaches itself 
to the vapor-deposition surface of the optical low-pass 
filter 3 and to the photoreceptive surface of the CCD 4 
during the manufacture of the imaging section. If the 
dust 20 has attached itself to e.g., the vapor- 
deposition surface of the optical low-pass filter 3, its 
image will appear on the image represented by the video 
signal output from the CCD 4. 

The digital still camera according to this 
embodiment is such that the image of the dust 20 is 
excluded from the image represented by the video signal 
that is output from the CCD 4. 

Fig. 2 is a block diagram illustrating the 
electrical construction of the digital still camera, and 
Fig. 3 is a flowchart illustrating the processing 
executed by the digital still camera. 

The overall operation of the digital still camera 
is controlled by a CPU 16. 

The digital still camera includes a mode setting 
switch 17, which is for setting a dust detection mode or 
an image sensing mode. A signal indicating the setting 



made by the mode setting switch 17 is input to the CPU 
16. It goes without saying that the mechanical mode 
setting switch 17 need not necessarily be provided; what 
matters is that the modes can be set. 

When the digital still camera is shipped from the 
factory, the dust detection mode is set to detect the 
position of the image of any dust that may appear on an 
image acquired by sensing. Data representing the 
position of the sensed dust is stored in a memory 10 
(described later) for storing dust address data. 

When the digital still camera has been shipped from 
the factory and is used by the user, the user sets the 
image sensing mode. When an image is obtained by 
sensing the image of a subject in the image sensing 
mode, the dust address data that has been stored in the 
memory 10 is read. The image at the position 
represented by the dust address data is eliminated from 
the image obtained by image sensing on the grounds that 
the image at this position is the image of dust. An 
image that is free of dust images is thus obtained. 
This will be described in detail below. 

A reference subject (e.g., a single-color panel 
such as an all-white panel or all-gray panel) is 
prepared in the dust detection mode. 

The imaging lens 1 is a zoom lens the magnification 
of which is changed by the CPU 16. The f-stop number of 
the diaphragm 2 also is set by the CPU 16. Since a 
large depth of field is preferred for a subject, it will 



suffice to select an f-stop number that stops down the 
diaphragm. The reason for this is that when the depth 
of field is large, it is easier for the dust to be seen 
because of the broader range of focusing. 

The image of the subject is formed on the 
photoreceptive surface of the CCD 4 by the imaging lens 
1. If the dust detection mode is set ("YES" at step 
31) , the reference subject is imaged and the CCD 4 
outputs a video signal representing the image of the 
reference subject (step 32). The video signal is input 
to an analog/digital converter circuit 7 via a 
correlated double sampling circuit 5 and a preamplifier 
circuit 6. The analog/digital converter circuit 7 
converts the analog video signal to digital image data. 
The latter is stored temporarily in a frame memory 8 
(step 33) . 

The image data is read out of the frame memory 8 
and input to a dust detector circuit 9. Since the 
reference subject is being imaged, the image represented 
by the image data read out of the frame memory 8 should 
be a single-color image such as an all-white or all-gray 
picture. If this image contains an image other than 
that of the color white or gray, then it will be 
understood that this is the image of dust. The position 
of this dust image is detected (step 34). Address data 
representing the position of the dust is input to the 
memory 10, where the data is stored in association with 
the focal length of the imaging lens 1 and the f-stop 



number (step 35). Detection of the dust image would 
utilize processing such as edge detection. 

The magnification (focal length) of the imaging 
lens 1 and the f-stop number of the diaphragm 2 are 
changed and the reference subject is imaged in the same 
manner. The obtained dust address data is stored in the 
memory 10 in association with this focal distance and f- 
stop number. Since the position of the dust changes 
when the focal length and f-stop number change, the dust 
address data is stored in association with the focal 
length and f-stop number. 

Fig. 4 illustrates the relationship, which have 
been stored in the memory 10, between the imaging 
conditions (focal length and f-stop number) and the 
corresponding dust addresses. 

Dust addresses are stored in the memory 10 in 
association with the imaging conditions. It goes 
without saying that if multiple images of dust appear, 
then multiple dust addresses will be stored in the 
memory 10. 

Thus, dust address data is stored in the memory 10 
at the factory where the digital still camera is 
manufactured and the camera is then shipped from the 
factory with this data stored in the memory. 

When the image sensing mode is set by the user 
("YES" at step 37), the image of the subject is sensed 
by the CCD 4 (step 38) in the manner described above and 
a video signal representing the image of the subject is 



output. The video signal is input to the analog/digital 
converter circuit 7 via the correlated double sampling 
circuit 5 and preamplifier circuit 6. The 
analog/digital converter circuit 7 converts this signal 
to digital image data, which is then input to the frame 
memory 8 and stored there temporarily (step 39). The 
image data that has been stored in the frame memory 8 is 
read and input to a dust correction circuit 11. 

The focal length of the imaging lens 1 and the f- 
stop number of the diaphragm 2 in the digital still 
camera are detected (step 40). Address data 
corresponding to the detected focal length and f-stop 
number are read out of the memory 10 (step 41) and input 
to the dust correction circuit 11. 

The image at a position represented by dust address 
data on the image obtained by image sensing is judged to 
be the image of dust. A correction is applied by the 
dust correction circuit 11 in such a manner that the 
image at this position (in actuality, this would not be 
a single point at the position specified by the address 
data but would be a position slightly larger than a 
point) will take on a color the same as that of the 
surrounding color (step 42). This correction applied by 
the dust correction circuit 11 thus removes the image of 
the dust from the image obtained by image sensing. 

The image data output from the dust correction 
circuit 11 is input to a color -balance adjustment 
circuit 13 in a signal processor 12. Image data that 



has undergone a color balance adjustment in the color- 
balance adjustment circuit 13 is subjected to a gamma 
correction in a gamma correction circuit 14. The 
corrected signal is then output from the signal 
processor 12. 

Image data that has been output from the signal 
processor 12 is applied to a memory card 21 via an 
interface 15, whereby the data is recorded on the card 
(step 44). Since image data from which a dust image has 
been removed is recorded on the memory card 21, the 
image represented by the recorded image data can be 
printed as a clean image that is free of the appearance 
of dust. 

The processing of steps 31 to 35 and steps 37 to 44 
is repeated until the power supply is turned off (step 
36). 

The dust detection mode may be set to the user, but 
is not set at the factory. Further, when the imaging 
lens 1 is exchanged by the user, the dust address data 
may be stored in the memory 10 by setting of the dust 
detection mode. 

As many apparently widely different embodiments of 
the present invention can be made without departing from 
the spirit and scope thereof, it is to be understood 
that the invention is not limited to the specific 
embodiments thereof except as defined in the appended 
claims . 



